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ETCHED STEM 
THERMOMETERS 


TAG Laboratory Thermometers are 
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available in several price grades de- 
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signed to meet the many varied 
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situations where temperatures must 
be measured. From the highest 
grade, in which the limit of attain- 
able accuracy is secured, to other 
less expensive types for uses where 


JU 





extreme precision does not play 
the major role, there are TAG Ther- 
mometers for every application. 


} 
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Illustrated here, are two of the many 
plates showing TAG Etched Stem 
Laboratory Thermometers which ap- 
pear in the new TAG Catalog No. 
1100-1. We would like to send you 
a copy of this latest catalog, for it 
will prove of valuable assistance to 
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you. In addition to a complete list- 
ing of laboratory thermometers and 
hydrometers, you will find other in- 
teresting and instructive informa- 
tion, including Fahrenheit, Centi- 
grade, and Beaume Specific Gravi- 
ty Conversion Tables, as well as 
useful data relating to the use of 
these important instruments. 
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Ask for your copy of 
| this new TAG Catalog 
|} No. 1100-1 today. It 

should be on your desk 

now. 


TAG also manufactures 
complete lines of Indi- 
cating, Recording and 
Controlling Instruments 
for Temperature, Pres- 
sure, Flow, Level and 

| Time. Ask us about them. / | 
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C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 
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Here are two indicators that make accurate tempera- 
ture reading simple and positive. These Foxboro Ther- 


mometers, with their eye-leading pointer and clearly 
defined white numbers and graduations, can be read 
from a distance of twenty feet with ease. The indicator 
may be located close to the bulb or as far as 200 feet 
away. And every instrument is individually calibrated. 

These accurate thermometers can be located where 
most convenient for the operator ...no need to stretch, 
to squint into dark or inaccessible spots. A number of 
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instruments can be grouped on a panel if desired. No 
matter what arrangement is required you are sure of 
lasting accuracy and response with Foxboro Dial-Type 
Thermometers. There are no fragile parts. 

All of these advantages make Foxboro Thermom 
eters the most economical from every point of view 
Even the purchase price is low. Write for Bulletin 148-4 
—it gives full details ... The Foxboro Company, 46 
Neponset Ave., Foxboro, Massachusetts, U.S. A.... 
Branch offices in 25 Principal Cities. 
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N THiS ISSUE 


last month's “New Instruments” 
partment we ran a news item de 
ibing a new line of indicating elec 
cal instruments which can be plugged 
ad hoc sockets, like the plug in 
tthour meters brought out three or 
four years ago. The underlying idea, 
mwwever, deserves more than a news item, 
d so we give two pages to Douglass 
Young, who is chiefly responsible for the 


embodiment of this new method. 


From time to time it is our pleasure 
iecept. for publication the descrip 
tions of various new or unusual lubri 
ition testing methods. Another appears 


this month, by Kyropoulos and Shobert 


Professor Williams quotes at length, 
his instalment, from the ground 
breaking discussion of seratch hardness 
by Mohs, published in 1822 but ever 


odern in its methodology. 


Ralph Batcher now broaches an en 
tirely new subject in his cathode-ray 


oscillography serial: sources of error 


THE FRONT COVER 


Ihree Th mnths algo our Readers at 
Work Department was invaded—most 
easantly by a group of women read 
ers at the Good Housekeeping Institute, 
vho are as precision-minded as old man 
Mike Rometer himself. Now the fair sex 
is invading our front cover! Actually, 
however, it’s a case of industrial instru 
mentation invading— most etticiently —the 
Deauty-parlor field. Specifically it shows 
iow Delmo Mfg. Co. permanent-wave 


mM ichines 


photoelect rically-balanced potentiometric 


pyrometers. The thermocouples are im 
bedded in the curlers so as not to harm 


i. hair of Milady’s fair head. 


re equipped with ‘Tagliabue 


Automaticity Makes Jobs 


GNORING the wise counsels and factual expositions 
of engineers, industrialists and economists who knox 
the wealth-creating and wealth-distributing conse 

quences of adopting cost-cutting devices ignoring all 
sound arguments, the anti-science, anti-machine, anti 
progress agitation goes on and on. 

It is becoming plainer that more than one. selfish 
agitator is inflaming the rabble against labor-saving de 
vices (and against private ownership thereof) in an at 
tempt to become a dictator. We have listened to the 
broadcasts of our enemies and read their printed mani 
festos, and find that no matter what panacea they lead up 
to, their common theme is the old hokum about a handful 
of plutocrats owning eight-tenths of all the means of 
production—from farm lands, cattle ranches, forests and 
mines to all the various processing and fabricating indus 
tries; nine-tenths of the means of transportation; and 
seven-tenths of the agencies of distribution. Therefore 
the plutocrats adopt labor-saving machines and methods 
to create hordes of unemployed who scramble for scarces 
jobs. Therefore: (1) turn over the Federal Reserve to a 
few hundred slick politicians elected by popular vote, o1 
(2) give half our national income to the aged; or (3) 
grab all privately-owned land; or (+) steal the factories 
and railroads and chain stores from their legitimate 
OWNCTS. 

Throughout these fulminations runs the thread of re 
sentment against technological progress: the would-be 
Hitlers claim that because we have emerged trom the 
covered-wagon age it has become possible for a few 
plutocrats to own nearly everything and (therefore we 
must kill, jail or otherwise dispose of the plutocrats and 
abolish our form of government. 

What the would-be dictators conceal is that “purchas 
ing power” is not absolute but relative. Automatic devices 
bring down the cost of cars and radios and gas and oil 
and electric energy and processed foods and good clothes 
and modern houses, thereby enormously widening the 
markets and creating millions of new jobs. These jobs are 
in “privately-owned” establishments. What of it? Under 
communism or fascism there would be even fewer ove! 
lords, exercising a far more despotic power without the 
possibility of tripartite governmental regulation. 

For proof that automaticity makes jobs by making pos 
sible mass production, look at the automobile industry 


(Our Dee 1935 editoria eprinted b equ ) 
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No. 26—WILLIAM M. SPRINGER 
Director of Research, The BRISTOL-MYERS Co., Hillside, New Jersey 


i flown ‘ 
port plan oO 1 lave noticed 
hy 1 10 100-ft. portion of the 

iin building’s roof, between two 
penthouses, is a pond. If vou were t 
fly los irround the building in an 
itogvro, vou would discover l 
tl! th pond teems with goldfish: 
2 that on ot the penthouses does 
not contain tanks and machinery but 


ranstormed into a conter 
nee-roon tvpe yt executive othes 


120-it 





the penthouse is an attractive re 
search laboratory that needs but littl 


iir-conditioning because it is so ef 


ectively insulated overhead. If vou 
were the milkman vou would have 
noticed every winter that the lights 
f the end penthouse are turned on 
6:30 a. m 


When we 


scriber Springer one recent morning 


called on Charter Sub 


he had already finished half a day s 


work, having begun as usual at halt 


past SIX. Yes, dear re ide r. 


Springer is a bachelor—neither the 


} 


hermit tvpe nor the sporty type of 


bate but affable. full of pep, and 
] 

iS vou can see in all four snap 

shots——vounger looking than forty 

four. He was born in 1893 in Brook 


Ivn, N.Y 


graduated as chemical 
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section of 


By M. F. BEHAR 


engineer from Columbia in 1915. and 


joi ed Bristol 


1919. 
wedded for two decades to that ex 


icting spouse, 


serves with all his heart, soul and 


oht—even in his hobbies: 


HN proy 





ing the instruments used in photog 


raphy and mete orology 
new instruments for sensory meas 
ures: odor, feel, taste, hearing and 
sight ‘organoleptic research’). 

In all industries, wherever a de 
partment 1s headed by a constant 
reader of Instruments, his whole or 
ganization is instrument-minded. 
Springer has (1) a research staff of 
three, shown with him on this page: 
Doctors L. A. Staib, Jr. (seated) who 
specializes on Sal Hepatica research; 
S. E. Cairneross, the Ipana Tooth 
Paste specialist; and Isabel Whelan 
whose field is cosmetic preparations ; 
2) two electronics and mechanism 
Dieter and Robert 


two laboratory chem 


specialists: Jay 
Warfield; (3 


ists; (4) two plant control men; (5) 


Meyers as chemist i 
oming Research Director in 


hough single. he has been 


Research, whom he 


: and creating 


one Assistant. L. B. Dobie 


idjusting a recorder-controlle) 


© facing page—who has charg 
Groups 3 and 4; (6) one engit 
EB. P. Tibbitts, who opens up 
inspects branch units in the [ 
and abroad; (7) two other work: 
As Springer took us through 


Hillside we sa 


many obvious results of Instrum 


model factory at 













being read and used in all depart 
Nothing is left to human 


judgment which can be measured or 


ments, 


controlled automatically by methods 
discussed in our columns. For ex 
imple, in the manufacture of Sal 
Hepatica as shown on the tacing 
page (and here is where we intr 
duce Manufacturing Superintendent 
L.. ©; Linn) 


are eliminated by the use of tempera 


all processing variables 


ture and humidity record r-control 
lers and CO 


compounding 


re corders: and the 
top and bottom views 
is done 


entirely automatically wit! 


such precision that the maximum 
variations defy ordinary analytical! 
methods. In the 
[par.a, 


manufacture of 
process time controllers ar 
also used. In the filling of tubes and 
jars, photoelectric and other robots 
functions. And _ of 
but it 


would take many pages to do justi 


perform \ aried 


course the power house 
to the instrumentation of the Bristol 
Myers Co.—several pages to cle 
scribe those phases of it for which 


Springer is personally responsible. 
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EARCH and PRODUCTION 
TRUMENTS at Hillside 


ytic ail be lances 

gravity balance 
lard mercury thermometers 
noelectric pyrometer 
indicator 
eers’ transit 
ymneters 
watches 
te water-supply tank gage 
meters 


oscopes 


roscope with micrograph attachments 
juctivity indicator with standard 


trometer 

meter 

meter acidimetric ) 
neters (a-c. & d Cc.) 
meters (d-c.) 
tmeters 

juency meters 

er factor meter 
chronism indicator 

io analyzer 


Plant 


cell 


mem eet et et sp 





Bottles¢ opes 


Standard gage tester (P& \ 
Product composition analyzer 


Tensiometer 
Refractometer 
Tint photomete r 
Polariscope 


Iwo pen temperature 
Single-pen temperature 


Wet- and dry-bulb re 


Temperature & humidit 


Pressure & temperature 


CO. recorder 
Re ording wattmeters 
Recording voltmeter 


Indicating fluid meters 
Recording fluid meter 


Steam condensate meter 


Steam flowmeter 


Automatic weighing scales 


Photoelectric control syste 


packaging machines 
Humidity & temperatur 
Humidity & temperat 
Temperature recorder 


ms 


yntroller 


Temperature controllers 


Steam reduction valves 


Feather-valve control 
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\wenpy 
for Boiler Room 


Boiler Meters 
Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 
duces fuel cost, Bailey Boiler Meter 


lessens main- 
tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units, 





Vulti-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 


compressed air and other fluids. 


water, 


Granular Material Meters 
For accurately 
the flow 


granular materials in 





measuring 
of coal or other 


gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 


distance of 50 feet. 


Control Systems. 
Make possible the every- 


( 1 Me 


day operation of equipment for steam 
generation and utilization at test eflicien- 
cies. They are applied to the control of 
feed 


superheat and other factors. 


combustion, water, superheat, de- 


e Informaticn on any of the above Bailey 


s will be gladly furnished upon request 


BAILEY METER 
COMPANY 


104] Ivanhoe Rd., Cleveland, Ohio 
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NEW INSTR 





UMENTS 


In this department we strive to report each month ALL the new dey 
for measurement, inspection, testing, metering and automatic contro 


the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departmen 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Self-balancing Potentiometer and Bridge 


Round-chart Recorder- 


“Pyromaster” line of self bal 
which initial 
\pril issue, page 97) 
iddition of two 
“Free-Vane” air operated control models by 
when 


incing nN 


model was 


struments ot 


briefly 
has been rounded out by 


reported in 


i recorder-controller (illustrated) and 
indicating 
electric 


recorder-controller with 


scale ind two corresponding 


contact recorder-controller models. 


uring svstems for all models are avail travel 


ible in potentiometer or bridge 


vith thermoelectric pyrometer or resist 


ince thermometer elements, or 


ible primary elements for measuring incing 


speed, etc. Operating principle of self steps 


balancing mechanism differs from motor record 


driven lead screw type employed in lag. 
maker's “Wide Strip” line, being based 
on the “Self-contact Potentiometer” (/n dry 


13-14) tinuou 


rumeuts 


January 


1935, pages 











meter 





provid 


rent 
Fig. 1 
junctic 
ey t . 
is me “Pyromaster ine super effected 
sedes: B incin is effected by a small means 


reversible svnehronous motor positioning 


Motor In all 


; ; . . ] . 
contact o1 i circular slide wire 


is energized through relavs deriving 


then ctuating current from a= divided 
d-c. cireuit interconnected with the gal ture of 
vanometer Col Action is such that tv pr ot 
upon galvanometer making the slightest 
contact In- response to change in the 


lows from the d-c 
idditional 


to intensify the contact 


measured emf, there f nower 
i h it . power 
supply through its winding an 
current tending 


ition, thus positively eliminating any 
contacts to chatter 


current tends to 


ency of the 
eS 
Auxiliary increase in electric 


value until it is sufficient to operate one torized 


unbalance 
circuit. The sliding contact thus ten: 
ipproi 


circuits. O.00L", 


with suit ous ac 


thermoelectric 


superimposed on 
I 


valvanometer, 


ind pen rh 


in addition to chart 
of desired period 


controllers 


galvanometer free to respond to fi 


currents in the meas 


ich the balance position ra 


a series of decreasing impulses 


i state of balance is attained, 


vanometer needle rests midway bet 
stationary 
Meas ism is 


entire mec 
Galvanometer ne 


contacts and 
dormant. 
between contacts being less 
extremely small changes in 1 


ured value cause practically instant 


‘tion. Pen-arm, connected to 
mechanism, moves in small 1 
measured 


upon change in 


ing changing value with nevligi 


In potentiometer models, circuit 
standardized by means of high-« ip 


cell, 


value of current being 


sly indicated on a Weston mi 





(d) (e) 
ind i fine-adjustment rive 
ing means of standardizing cm 
In potentiometer mode! Tt 


ps romet ry, referenc 


n tempe rature compensaclor 
iutomatically 


of oa 


ind comple ely 
temperature-bridge circt 
potentiometer  ciré 


models, galvanometer has hig 


dl unped coil pivoted in aL weled bearing 


Mechanically, principal basie design fe 


Pyromaster is replaceable ul 
issembly as shown in Fig. 2: 
(b) relay, (c) slide-wit 
drive mechanism, ( 
pack and (e) standardizing unit 
drive (not show! 


\ir oper ited contr 


lers command diaphragm-motor valve 


‘contact controllers command 1 


valves—both these classes of ¢ 


control relay or the other—which, be trol valves being available in numere 
side energizing the balancing motor, types and sizes The Bristol Co.. Wat 
opens the auxiliary circuit and leaves the hury, Conn 
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Aircraft Operation Recorder 
Designed specifically for flight service, 
three-pen “Flight Analyzer” com 
rises an aneroid-barograph type re 
irding altimeter and two electrically 
perated time-operation recorders. Cen 
er pen records air pressure on middle 
ne of chart which is) graduated = in 
nehes of mercury; side pens record on 
id off durations of any pertinent navi 
gating equipment such as radio, motor 
control, ete., in whose circuits they may 
be connected. Chart duration is” ten 
iwurs. Charts are of 3” <5” card type. 
Records provide analyses designed to aid 
perators in elimination of crashes due 
to hedge-hopping and other forbidden 
ivigating tacties.—Julien P. Friez & 
Sons Ine... Baltimore & Central lve., 


Baltimore, Md. 


Diaphragm-motor Lever 


Multiplying uses to which pneumati 
cally operated lever motors could be put 
if not so restricted by non-uniform op 
erating characteristics, new “Motosteel 
Evenaction Lever Mo 
tor” is reported to 












h ive been designed 
ind constructed speci 
fically to overcome 
traditional shorteom 
ings of this type of 
device, giving it \ 
much broader field of 
ipplication. Features 





include: (1) All-steel 
welded construction, 
same iS “Motosteel 
Diaphragm Valve” (see Instruments, 
July 1936, page 156). (2) Operation 
characteristics insure uniform relation 
vetween air pressure applied to dia 
phragm motor and resulting lever travel 
throughout stroke. (3) Practically free 
from hysteresis: deep diaphragm with 
large area gives smoothly modulated ac 
tion; ball bearing roller bearings guide 
full stroke of push rod; lever is pivoted 
in phosphor-bronze bushings which are 
ilignment-reamed in same manner as 
iutomobile engine bearings. (4) A num 
ber of take-off holes throughout length 
of lever permit force or travel to be ad 
justed. (5) Power of either up-stroke 
or down-stroke can be increased or de 
creased by spring adjusting nut. (6) 
Lever action can be reversed by substi 


tuting another lever and transposing 


fixed and movable pivots. (7) Limit stops 


for both up-stroke and down-stroke s 
Infinite number of mounting positions 
Three sizes: in terms of maximun 
damper areas which can be accurately 
positioned 35, Dv ind 120 ft Ihe st 
damper reas mmav be mere ised pprecl 
ibly when “Valv-Precisor™  o7 ‘Dub 
Response Control Unit” is operated 
conjunction With any of these three mo 


tors Motor may tye operated DV remote 


manual control, by an eleetro-pneumati 
switch, ol IN in iir-operated controle. 
It ilso may bye ope rated in P rallel wit] 
i. diaphragm valve or other pneumatic 
equipment, if desired Taylor lustru 
ment Companies lommes Nt. Roe . 
V2 


Tube Checker 

\ new radio tube checker said to have 
unusual operating flexibility is designed 
is a matched companion unit for maker's 
“No. 772" analyzer. The two test units 
may be had na single combin ition car 
rving case, or the new “Model 773° tube 
checker is available with carrying cas 
or special counter mounting. New check 
er features) “anti-obsolescence™ circuit 
ind switching system, in which total emis 
sion tests on various types of tubes are 
made on a specific load basis, reflecting 
service conditions for (1) general type 
tubes, (2) battery-operated tubes, and 


mee 





3) diodes llowever, selector switches 
ind inter-electrode switches which permit 
ill elements of each tube to be individ 
ually checked have been relocated” for 
maximum operating convenience The 
1 ” instrument scale has a color band 
marking differentiating between good and 
bad tubes Operating controls and trim 


on the panel stand out in brilliant red 


ind chromium against glossy black back 
vround. Weston Klectrica lTnstrument 


orp i, Frelinghuysen {we Vewar! 
a 


Exhaust Gas Analyzer 

New “Model SR-1I" is a port ible self 
contained outfit weighing 14 Ibs., that 
can be used on the service floor or 
placed in iutomotive vehicle for tests 
under road conditions. It comprises a 
vacuum gage in addition to the exhaust 
gas indicator—both instruments having 
edgewise dials mounted one above. the 
other. Gas inaly sis scale is graduated in 
“Fuel-air Ratio” and in “Combustion 
ficiency” ind is enlivened by five col 
ors The Potter Co., U0 Sheridan Rd 
North Chicago, Illinois 





) us quote you 
@U on complete 


METALLIC 
pe lLLOW S 


aniedl ICS 


We 


Write f r 


CLIFFORD MFG. CO. 
564 East First Street Boston, Mass. 


FACT RY REPRESENTAT 


Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slagel, 923 East 3rd St., Los Angeles 
J. J. Shriver, 221 North La Salle St., Chicago 
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HELLIGE 


GLASS ELECTRODE 





Time-operation Analyzers 








Two t model “Chronologs” are an or others to the machine ean be ree 
nounced, simplified in) construction and hus, at end of day, printed re 
operation, providing less detailed infor shows how many minutes machine 1 
mation than earlier models, vet furnish operation, number and extent of 
ing | the data needed in many plants terruptions and reasons therefor. ‘J 
‘Model M” lig lL) om \ bye ipplied to a | hronolog” can be used as a time 
v machine, process or operation. When it the machine if desired. It mav be 
yperator begins ork he turns on. the justed so that the digit wheels vive 
“Chronolog,” whereupon exact minute of eral different combinations. For exan 
READING DIRECT FROM O TO 14 pH start is printed on 41. strip chart either or both sets of digit wheels n 
. - Windo t upper right shows clock be used for counting units or time 
For All Types of Electrode Systems CeES nee RES it left registers New Midget “Model O Chrono 
The new Hellige glass electrode pH- races bunts produced \s soon as (Fig. 2) contains only one set of d 
i é , ere is an interruption work, opera wheels. These may be arranged to 
Meter measures hydrogen 1on con- tor turns knob at left to svmbol indi idle time or units produced [t, 00,4 
centrations and reads direct in pH ( ng reason for interruption: this is ries chart roll which automatically pris 
units with all types of electrode sys- registered on chart. When production 1s every ten minutes, or printing may 
: rs resumed, operator PUSHES button on secured at anv time bv inserting a « 
tems, over the complete range of 0 lek: Mee Ot sean: kx cul wal puabien bathe cn. toast. “Vide 
to 14. The sensitivity is 0.02 pH and Every ten minutes. “Chronolog” prints believed to be the only recording count 
the working accuracy is 0.05 pH. count of units produced and the time wailable.”— National deme Co Ve 
Visi f foreman, inspector, stockman st St., Cleveland, Ohio 


Rugged — Portable — Applicable for 
titrations and as a separate null 
indicator. 


Universal-swivel Indicator Multi-unit Gang Resistors 


AY, “Model nwo” lest Indicator Dual, triple nd other gang cont 
diy ee Re ee Nore yee SN using S many units is desired 

iy ie, made up of IRC “Type ¢ metallize 

n be used in surface or heigh volume controls with completely shield 
= se ss mn tool posts, or Is individual sections controlled H\ 
special Tx shaft, ire nnounced Kach oft i¢ 
dividual sections can be furnished i 
curves and iriations of standard 


special “lym ( Controls” and « 





VACUUM-TUBE 
GALVANOMETER 


This instrument is a general purpose 





indicator of universal adapt- 
bility for precise measurements of 
t1ion-reduction potentials, 
streaming potentials, insulation re- 





sistance, and various types of bridge 
isu! ents 


1 up with or without switch. Ne 








Suitable for measuring systems of vane - 
g resistance (10 ohms), and devices are an adaptation of the IR 

those easily polarized, with the same methane type Peeters prregenset 
. ciple. In the new controls, this metatliz 

high sensitivity (0.1 millivolt) and cottion ta Gemeanetiy bonded (a 

the same simple technique as that of moisture-proof Bakelite base, so 

rdinaryv systems ; base and element become integral. Cor 
eee. eee a : tactor consists of a multi-finger spru 
> ont } { I j ac brush, made ot five phosphor-brot ( 
ersed by shifting a reversing lever the effect being said to be that of “knet 

ATE Federa Products ¢ } j hdd S/ iction.”” Internationa Resistance ( 

3702 NORTHERN BLVD. LONG ISLAND CITY. N.Y. Providence, R. 1 01 North Broad Street, Philadelpl 
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nee Fe NEW CATALOG 


Time-operation Analyzer 


New “Marsto-graph” provides — an made that operator finds it impossible of 
ridged man-and-machine process chart to manipulate Marsto-graph to build up 





the form of a daily tape chart bear false record. Standard tape chart travels 

» (1) time markings in five-minute past steel type-bar recording stamp at 

visions easily read to one minute; (2) speed of 5 in. per hour. Therefore, record M d St d d 
in” record in the form of a succession of a rapidly-operating machine, such as 0 ern an ar 
f short cross-lines, each of which may 1 punch press, is a series of cross lines 

yresent one unit of work; (8) reasons stamped so close to one another that thes 

r interruptions, etc., written or » into 


ries mera i stripe. Stoppages show as 
tamped with a small hand = stamp he : Mu 
ee. e ai ; white gaps in stripe: densify of any 
pong am sg ec Tage <1 “jegctviostie i portion of stripe indicates speed of ma 
| various written notations In spaces I y 


J : Be chine. Other chart speeds than 5 in. per 
rovided therefor at top or “morning : I I 


59 mur en lab ile reeor . i 
nd of daily chart “Marsto-graph” pro Hou) re uM il le. While reeorder may L ICAL 
ides also, in addition to this chart rec ictuated by various forms of contac i 














rd, a count of output by means of five l king devices, makers have brought out 
ivgit evelometer register visible through 1 specially-designed rotary switch, the 
ening in cover. “Marsto graph” may be “Marsto-Switeh” (Fig. 2) making Wip 
mnected into electric circuit in various ine contact nd claimed to be good tor c 4 HYDROLOGIC 
vs; may be set up near machine op millions of operation before requirin 
rator or in centralized location under ittention, —¢ 1. Marston Co., 1] 
ve of foreman. Installation can so. be wid S [sie e. Ma INSTRUMENTS 
Si an ; as (Completely Illustrated) 
Refrigerator Thermometer Day-night Thermostat 
Maker’s standard \v IPOT-pPressure tribe “Da-Nite \Ncratherm™’ combines om 
ystem, ino any of four” refrigeration ers’ “Acratherm” ind = “’Time-O-St 
nves, has been given a new case with into one sn l unit said to be “the only . 
drum on the back for winding the thermostat that offers in one instrument, Ready for 
capillary, the result) being said to “ex manually lowered 
ctly fill the bill? for refrigeration sery temper iture. night . MAILING 
ice omen Crystal being unbreakable, or dav: automatic ogee . 
hback-cover protecting wound = capillary -eturn to desired y 4 nal bd 
nd bulb, eaten being shock proot cna nae ? —_ in August 
nd “Reealibrator” feature being pro whenevel wanted: m : 
ind the curacy 


of control provid 


ed by ‘Heat Accel 
: eration’.” New ar 3 
A vice has black set 
x ‘ff : tine wheel and t 
' ' W inding knob | 3 
=o : Rue both on the same 
: . res shaft eliminating 
p ee = necessity of arith c.. 
i ane te metieal caleula . 
} = tions. ‘Temperature a 


setting ean be » 





ided, “Marsh Serviceman” can stand be idle at ane. wiles 


Ing roughly dropped into tool-box and ahove 50°F be ee 
jolted iround during transportation moving indicator 

Rubber ring encircling ¢ase prevents bareiilod later decsnnlelane nenke: Tet 
marring refrigerator,  ¢ ipillary armor mometer is” rece ssed to guard against 


is sufficiently slender to pass between re 
frigerator door and jamb without mar 


ring door. Instrument can serve also for tampering with temperature setting, and Julien P. Friez & Sons 


1 locking device for the cover is avail 


breakage \ dial lock screw prevents 





indicating room or outdoor temperature ee val 
Available ranges (°F.): 10 to 65, thle. Differential is adjustable a» tO Incorporated 
10 to LOO, 20 to +-40 and 20 to 85° F. is day scale range; 45 to 75° F. is D 
65.—Jas. P. Marsh Corp., 2073 South night seale Vinneapolis-Honeywell Reg BALTIMORE, MARYLAN 
port Ave., Chicago, Illinois ulator Ce Vinneapolis, Mi 

















The heart of 
SAFEGUARDED 
SWITCHGEAR 





The New— 
BENDIX-CORY 


Locking Unit 
te 


The Bendix-Cory Locking 
Unit is a kev actuated bolt 
mechanism designed tO) IS¢ 
on Oil Cireuit Breakers, Dis 


} 


mi fine Sw } } 
conneching® Switches oO} other 


“ bloc KInNY scegincnts, roe = 
i sf Othe) iu ivy 
] ; 
ccLap ote ] ( thHISTIS, inl 
l) ('] to¢ + (‘l rice 


BENDIX MARINE 
PRODUCTS CO., Inc. 
754 Lexington Ave. 
Brooklyn, N. Y. 
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lransformer-rectifier Unit 
for 6-volt D-c. Supply 


Vode 9980) Rectiformer” combines a 


L10-volt ce. transformer and a copper 
oxide rectifier, is designed primarily to 
rovic 6-volt dec. power supply for 
powell re \ operation, Is expected to 
TIST\ Those whe formerly purchased 
transformers and copper-oxide rectifiers 


separ tely and assembled them for this 
purpose. Output of the traystormer is 


120 milliamps continuous, of 2OO milli 


mps intermittent. ‘This continuous rat 
ing permits operation of three “Mode 
712” power relays or one “Model 630" 
from each unit Advantages of new de 
vice are said to be: 1) A protective re 
istor acro output guards relay con 
tacts from “kiek-back™ voltage 2) Ree 
tifier is of stable copper-oxide type 3 
Unit is designed specifically for uses in 
hich the 6-volt) circuit) is opened ind 


closed, rather than the 11l0-volt a-c. cir 


cuit | Voltage nd current ratir 
re such 5 to ssure satisfactory relay 
peration at all times. (5) Wiring of unit 
i rranged to eliminate possibility of 
improper connections hich might dam 
( ( ( In ddition to its 
eC o4 ere VAL 1) er relavs, Recti 
Tor cl \ Serve Siti r «d-« require 
ent ere tered current not essen 
Wes Ielectrica lustrume 
Ire huvuse a, Vewa 
\ 
, ; . , 
High Intensity Illuminators 
Lhire ne high-intensity light souree 
( s4 ( tae bench OSC] 
Cle Cle Basic unit 1 
! r ing t provides 
sing f mp and focusing slide for 
ensel Mic rite USES 1 yy 
ostel mp “Mico-Hi-Lite” is \ 
ere yucart mp giving an extreme 
rt ntensitv beam. “Mico-Vi-Lite,” 
powert source of ultra-violet, use 
S sare mp with an ultra-violet filter 
‘ iT tive ovlass condensing len 
Mi te housing 1s ‘ entilated, nu \ 
e } \ OSITLOI Other two hous 
Ss are t entilatior s high-in 
ens mie! \ ‘ ort best it 
relativel\ igh temperature Condenset 
( stment cal nevertheless bye rrvercle 
ithout burning the fingers. Mico-Hi 
Lite and Mico-Vi-Lite use a transformet 
is part of equipment and is pei 
enti connected hese lamps ean 
be used onlv on 50-60 eveles, 105-12 
tS c.: other frequencies ind volt wes 





Mico-Hi Lite hy 


sufficiently intense to permit its 


supplied specia 


place of a carbon are for most 
tion and photomicroscopy require 
is so cool that water cells and 


heat intercepting devices are not 


Light source is 1 mm. wide an 
3 mm. long. ‘Total power reg 
ihout LOO watts High pressure 
this lamp works results in cl 
istic color much whiter (richer j 


and yellow) than that of a convent 
mercury tube Color filters In Ce 


} 


bye ittached 





Mico-Vi-Lite has same operating « 
icteristics iS Mico Hi I ite. Red }l 
Corex filter suppresses ilmost I] Vi 
ligl 


it; intense beam of ultra-violet 
produces fluorescence in substances 


do not respond to the more usua 


violet sources Therefore, precaut 
ire in order when using this lamp 
sure idequate protection to the eves 


Vico Instrument Co.. Cambridae V 


Pump Controls for Elevated 
Tank Systems 
“Typ \ Roto-Trol” 


i self-contained single pump contt 


illustrated 


for elevated tank S\ stems, opel 


from change in pressure on pump a 


charge eat ind not iffected by pul 


surges caused by starting or. stopp 


pumps. Operating principle employes 
conversion of straight-line thrust 
pressure-responsive bellows into” rot 
motion of disk carrvine one or on 





mercury switches Pressure }>)) 1e¢ 
diaphragm is counterbalanced by weig! 
ed pendula ttached to disk. 1 
echanism is mounted on. steel ¢ 


which mav be removed from eabinet 
removing four screws \ll parts 
rust-proof. Surge snubber consists i 
idjustable electric timing device lo¢ 
pilot cireuit of starter in both open 
closed positior Ss until surges h ve Ce 


Ditferential is adjustable 


of the switehes. Kither high or low leve 


ean be changed without disturbing 








other: both can be changed 
turbing differential 
“Multi-Pump  Roto-Trols” ire 


nounced also, in) various combin 


for providing required 
Wate Level Controls Ce Hlam) 
lee., St. Paul, Minn. 





Micromet 


setting is provided for fine adjustment 





sequences 





ras Is 


PERT IEF 








Automatic Timer for 
Reversal of Firing 


“Type 2700" is particular! | 


1\ tpype 
to controlled reversal of firing in 


vlass 


pits, open hearths and 


+ 


furnaces and for the automati 
imed reversal of other heating op 
s. It combines two dial timers in 
yper part ind one cam timer in its 
half—all three being standard units 
ker’s line, Ope ration: at the settings 
in illustration, one end of the fur 





e fires for 20 minutes, and the oppo 


ite end for 20 minutes. This firing sched 
ile continues automatically until settings 
re changed. Firing eyele of furnace is 
um of index settings of the two dials 
Firing time for either end of the furnace 
can be changed during operation. ‘To pre 


$ 


vent unauthorized change in_ settings, 


cked covers for the idjusting knobs are 
provided. New timer automatically func 
tions any desired group of signals, valves 
nd dampers to accomplish the actual 
reversal of the furnace. Modifications of 
“Type 2700" can be supplied to operate 
in conjunction with temperature-reversal| 
juipment. At end of each firing period, 
e new timer will make, in an adjust 
ble sequence, any desired number of con 
tacts. Any number of operations can be 
started 
each action subject to independent id 


ind stopped by these contacts, 


justment both as to sequence and dura 
ion lutomatic Tempe rature Control 


I. Logan St.. Philade phia, Pa. 


Electronic Regulators for 
Alternator Voltage 
Iwo new automatic eleetronie alter 


tor voltage regulators ire announced, 


hich perform the same functions as do 
ther and older types of quick-response 


egulators. There 


re no moving parts in 
these regulators: instead of mechanical 
means to close cont icts or ch Woe pres 
sures an inertialess stream of electrons 
controls the regulating action. The reou 

' 


tors are controlled rectifiers deriving 


eenerator and 


heir power from the a-c 
delivering the rectified d.e. to the shunt 


{ 


field of the exciter in an amount which 
is a function of the a-c. generator poten 
tial. The corrective action of “Bulletin 
9601" regulators starts within one-half 
evele of change in generator voltage: 
that of “Bulletin 5602” regulators within 
ne evele. The former (illustrated) is so 
designed that it can be used with any 
Known method of excitation. This reg 
ulator is now designed with an isolated 
supply transformer making the larger 





capacities more — easily irrangwec fon 
switchboard mounting. Phe “Bulletin 
5602” regulator is designed for use with 


one excitor only. It is said to have a 


wide range of ipplication, first in small 
plants which have only one gveneratin 
unit and second in providing individual 
regulators for plants Ope rating two on 


more generating units in parallel. Vari 

tions of these regulators can be obtained 
to maintain constant voltage on LS0-evel 
generators, such as may be used to pro 
vide power for high-speed portable tools 
Also for power 


Both are said to be easy to install. re 


factor regulation, et« 


quire no tmamtenance, or replacements 


other than electron tubes Ward-Lee 
ard Rlectrie Co... Mount Vern \ ) 


Back-stem Dial Thermometer 
srought out for general public as 


housewife’s cooking and roasting ther 
mometer, this 6” stainless-steel pointed 
stem instrument with full-eirele di 
scaled LO00-400°F. and detachable hand 


finds numerous uses in plant and labo 
ratory 


sures permanency of calibration. “Pot 


Double-coil bimetallic element a 
clip’ handle furnishes convenient meat 
of attaching instrument to utensils 
shown in doughnut-cooker illustration 
Weston Electrical lustrument Corp. 
Frelinghuysen Ave Newark, N. J 
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REPUBLIC 
FLOW METERS 


- Remote Reading Type - 





Republic, electrical type, flow meters 


are supplied for measuring the flow 
of all types of liquids and gases. 


[he indicator, recorder and inte- 
grator are remote reading and may 
be located any distance from the 
point of flow measurement. Read 
ing instruments may be obtained tn 
any desired combination and with 
related factors grouped on multipl 
indicators and recorders. 


Meter bodies are built for all line 
pressures up to 10,000 pounds per 
square inch and for all ranges of 
differential pressures. Operating 
ranges may be easily changed by 
means of interchangeable rang: 
tubes and scales. 


The Republic Flow Meters Co., in 
troduced the electrical type of flow 
meter 27 years ago and the succeed- 
ing years of engineering research 
have established the Republic meter 
as the standard for this field. This 
extensive experience in metering all 
types of fluids is available to you 
for the solution of any metering 
problem you may have. Your in- 
quiries involve no obligation on 
your part. 


REPUBLIC 
FLOW METERS CO. 


2249 Diversey Pkwy., Chicago, III. 
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COCHRAN 
FLOW METER 








A DEPENDABLE 


FREQUENCY METER 


Just as accurate and reliable as 


form or by ordinary voltage 
ind temperature changes. Avail- 
able for any frequency between 
15 and 500 cycles per sec. Types 


for front-of-board or flush 














Electric and Mechanical Mod; 


| | 

| if 

Meteorological Instrument | ; 
Assemblies for Airports 


“Airport Weatherman” is designation 


ire uniform. Combination includes wind 
direction, wind velocity and outdoor tem 
fourth in 


strument if desired being self-contained 


perature indicating receivers: 


° . or l > "PRK 4 ; > . \ t 

our large, wide-range Frahm ground-level pressure indic itor, Moun 
M a | ing is desk-panel form as illustrated, or 
Frequency Meters. Simple. sec: snla wakkk Baten. .kabien @. Mahe: 
Rugged. Unaffected by wave * Sons. Inc.. Baltimore & Central Aves 


Baltimore, Md 


Two-inch Cathode-ray Tube 


\ ney = cathode-ray tube, “Type 


uum type with four electrostatic deflec 


of a receiving station for three or four | 
MINIATURE remote-indicating and self-contained | 
veather instruments. Instrument dials | 





Afford an accurate check on consumption 
take, output and variation in rate of flow 
steam, water, air and miscellaneous liquids 
Lases. 

Cochrane Flow Meters are ruggedly built 
extremely sensitive to variations in recordin 


models are &uaranteed accurate within I 








mounting. Bulletin 1415-I con 24-NH,” has been developed for all integrating flow. Electric model operates o1 
ee ; routine operations where economy and Super - accurate galvanometer null _ prit 
tains complete intormation. . bea, oe ° i Measurement is possible at any distance f 
compactness are essential without sacri the pipe line, facilitating grouping of ins 
ficing sereen area. It is of the high-vac ments on central panels. Recorders of | ( 


ae. ; ‘ ; : ted of absolute under full load 9 
JAMES G. BIDDLE co. ek res . cloak oP fh sn Write today for complete informatio) 
hem © au @, 2?) Bass envelope Naving a il 2” fluores 
seceneunee sustauments cent screen. It is 7 inch overall in COCHRANE CORPORATION 
1211-13 ARCH ST. PHILADELPHIA, PA. length, with the large type of octal base 3120 North !7th Street, Philadelphia, Pa 
The heater voltage 1.4 or «cd. is 6.3 - 
Hts n ing this tube interchangeable - 
ith the “913° From 3800 to 600) volts 
mav be used on the second noc Screen 
r , . ar ~ 
> - Tr Is of SHOT persistent tvpe, spot color 
The Burling ic cae Ae Cee 
depending or node voltage. n LN hye 
HEAT CONTROL | iin i hn 
/; bul EC £3 f ies Tne Va 
‘ Road. Uy) V f ti) \ ] 








Automatic Volume Limiter 





Developed by Bell Felephone Jabora 
orles, “No. LION) Progran Amplifier’ 
( bles broade isting stations to inere ( 
eir double effective signal level without 
Ising their input power or increasing 
er heensed carrier power. In the past | 
it | s been necessary for the control op | 
| 
‘ tar to vateh his modul ion mete | M O i S$ | U R E 
F TANKS ( til uously, never daring to remove hi 
or nvers from the gain control knob. The 
- ae peat ier sutomaticall, ELLER 
t proyram np iihier LUtOTmMATICALIN 
. } . 
Industrial PRESSURE events over modul ition It INCOrpoO 
rates circuit which normally amplifies R 1 and accurat st ( 
rani to a predetermined level. How erce ige by drying 
, hen int t iner c hove ‘¢ 
Processes VESSELS =| ever. when input inereases above a pr Time required to dry mos 
selected leve l, the speech or musie enere’y ¢ . + 
oe ‘ erla Ss 1€ HMNnUTE 
yperates a volume control network = in S 
DRYERS such a manner that amplification is re ws teat Situs a : 
duced. Result is that the product at the ah aeserer — 
output of the unplifier is held within | 4 
: desired limit, device being idjustable SO Sand Textile I bacc 
that program peaks will rarely CAUSE R wctorv Rubber Food 


instrument that is 


10 modulation of transmitter. Basic 


vens or tanks with element is a variable-loss network insert 
nes. Tubes of non-corrosive ed in the program cireuit and so «de Write for Literatur 
\, 4 ¢ switches rated at «10 siyned that its loss is directly controlled 


e for auxiliary equipment 
lite folders 


Burling Instrument Company 


R Ay Newark, N. J 
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by the instantaneous program level 
\lthough level at input to unplifier may 
rise, level at its output will taper off 
ibove some preselected point, iccording 


‘ 


to the way the automatic monitor has 


been adjusted. Thus with this device the 


Harry W. Dietert Co. 


9330 Roselawn Avenue 
Detroit, Michigan 
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®® HOW DO YOU 


TEST 


TEMPERATURES 
? 






Portable Pyrometer or Millivolt- 
ter of the direct deflection, high 
sistance type will solve your tem- 
rature problems simply, accurately 
nd economically. Single or double 
ale instruments for temperatures 
m —200° F. up to +38000° F. are 
ivailable for either base metal or 
ble metal thermocouples. 


Write Dept. I 


CHARLES ENGELHARD, Inc. 


90 Chestnut St. Newark, N. J. 


rey ] so ror 
é hern neter f ( ( 

4 + 
, sers ( moustion imd mors 














Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination— 


size 12” x 8” x 6 


RANGE OF MEASUREMENTS 


List Price $165.00 


The Rawson measuring instruments are the 
only ones having two pivot movements whose 
weight is lifted from jewels when clamped for 
transit. Electrical clamping does not accom- 
plish this purpose. 


boicnt f | ] sensitivit mctcr 


RAWSON Electrical Instrument Co. 
CAMBRIDGE, MASS. 
Special Appar 


Built to O 


it 


New York Chicago 

















transmitter may be norm lly modulated 
3 db above the level which has been con 
sidered safe with manual monitoring, and 
the effective coverage of the transmitter 
will be correspondingly increased. Whet 

ever peaks exceed some preselected level 
i light flashs so that operator may knov 

just when and how often these peaks oc 
cur. Their too frequent occurrence in 
dicates that general level of modulation 
is too high and operator is thus advised 
that a 
eri le elric Oy; 


“ork Cita 
) rh - 


re id justine nt is necessary West 


Broadway Nex 


Metallographic Polisher 

This new and “very much improved” 
small-size motor-driven polisher permits 
the use of two speeds, 1150) r.p.m. ind 
550 r.}).1N., both slower than old models, 
obtained by use of a two-speed, 14 h-p 
motor directly connected, there being 
no rheostat emploved. Each speed is full 
powered: placing specimen on polishing 
wheel does not retard it (not the case 
when speed reductions are obtained by 
rheostat). One large switch enables op 
erator to run machine at either speed 
or turn it off. Polisher has a cast alumi 
num bowl made in two pieces: upper 
half surrounds and extends above pol 
ishing head and turns the splash down 





into the bowl. When it is removed, po! 


ishing head is accessible so that polish 
ing cloths can be easily changed. Lower 
portion has a drain and a cock for draw 

ing off polishing liquid. An aluminum 
lid protects disk from dust when ina 
chine is not in use and also keeps cloth 
from ‘drving out. Fisher Scientific Ce 

SOU Forhes S/ Pittshurah, Pa 


Vitreous Cover Resistors 

Klectrical resistors are announced in 
1 new construction with features as fol 
lows: (1) Evenness of windings, to pre 
vent “hot spots” and resultant failures 
(2) Vitreous enamel covering to hold 
s wound and conduct 
. } . 4 op 
per terminals, tin dipped to facilitate 


the wire in pl ice 
heat away (33) Porce | un core 


soldering. Resistance wire is” both mie 
chanically locked and brazed to the ter 
minal lugs. (5) Mountine brackets easily 
dismounted by a slight upward pressure 
it base. (6) Aluminum band upon which 
the resistance of the unit is 
stamped Ohmite Vanufacturing ¢ 
Veo W. Flournoy St., Chicago, Ill 











HOPPLER 
VISCOSIMETER 


MODEL B 


For determining the 
ABSOLUTE viscosi 
ty of gases, oils, 
grease, varnishes, 
viscous tars or Syrups, 
according to the 


FALLING BALL 
PRINCIPLE 


Direct readings in 
Centipoises (or cen 
tistokes) 

Small sample (30 
cc.) required Re 





sults consistent and 
reproducible 


Range: From 0.01 to 1,000,000 Centipoises 
Accuracy: 0.01% to 0.5% 
Difference in viscosity between distilled and tap 
water can even be measured 

Bulletin HV 251 available on reques 
When requesting detailed information, state 
range of measurements required 


Ultra Thermostat 


(after Hoppler) 


Uniform and accurate regulation of temper 
Completely automatic and easily adjustab 
Range —35° to 400° C. Accurate withir 


Bulletin HT 254 on reques 
Available at leading laborator 4 
FISH-SCHURMAN CORPORATION. U. S. Agent: 


250 East 43rd Street, New York 











This instrument will detect the presence 
of one or more shorted turns in a coil 
regardless of the total number of turns 


t 


or size of wire in the coil. Test is per 


formed at 60 cycles using induction 
method which requires no electrical con 
tact. Used by leading makers and users 
of coils. 
isk for Bulletin No. 109 
Electrical Instrument Make 
29 North Sixth St. Philadelphia, Pa 
Other Products Resistance Boxes, Wheatst 
& Kelvin Bridges, Potentiometers, Galvanom 


eters, Electrometers, Colorimeters Stand 





of Resistance, Inductance and Capacitance pe 
cialized Measuring and Control Apparatus 
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A New Method of Instrument A pplicatio 


By DOUGLASS A. YOUNG 


Instrument Engineer, Westinghouse Electric & Mfg. Co., Newark, N. J. 


. inv industries and for many vears, it has been 


reater economy and higher efh 
ney are effected by the broader application of 

i] instruments to individual electrically powered 

‘atus. While such ipplic ition programs have been 

der way for some time, two main drawbacks have re 
tarded their expansion. First, the dithculty or lack of 
momy of initial installation. Second, the lack of com 
ete flexibility, from both an operating and maintenance 
ewpoint. Under the head of economy, there must be 
neluded (a) the labor cost of an installation, (b) the 


; 


fort of selecting the proper instrument, (c) the expenss 
of adequate installation devices such as mounting details, 
wiring necessities, ete. Lack of flexibility includes (a 
dificult substitution of individual instruments, (b) dif 
ficult maintenance, (c) the lack of a complete program 
if instrumentation following one initial installation. 

This instrumentation problem had not been solved 
luring the past four years, but a similar one was: dur 
ing that period, rapid progress had been made in the 
better installation of energy meters of the watthour 
mineter type, the solution being the detachable-from-socket 
principle of watthour meter application. 

Vaking a cue from the signal success of this principle, 
there has just been de veloped a complete range ol in 
licating instruments, all incorporating the same detach 
thle features as the detachable watthour meter. Standard 
ndicating instrument mechanisms have been adapted to 


of housings as have been used for the 


he Same type 
watthour meter. These housings have switeh-blade termi 
nals adapted to standard socket type receptacles which 
lave be Inst tilled INCXPeENsive ly In any d CG, OF Ae: C9 

it. As may be expected, the use of high-production watt 
our meter housing parts permits economies in the manu 
facture of the compl te instruments, lowering the costs 
not only of the instrument itself but also of the socket 


eptacl ipart from lower cost of installation 


FLEXIBILITY 


Granting the desirabilitv of using instruments for the 


better control and application of electrically ope rated 
equipment, the question may arise: what advantage, 


iside from economy of installation, does the detachable 
nstrument development offer? The answer is like that 

the question: what advantages do convenience outlets 
offer in the home In other words, the installation of a 


socket in an electrical circuit) immediately opens for 


convenient investigation the entire ope rating history of 


that circuit, together with the comple te functional story 


f equipment being supplied by that circuit. 
l By plugging into the socket a test jack to which is 
e-connected a portable “Industrial Analyzer” or similar 

sit, a complete detailed analysis may be made: load, individual 

ne current, phase voltage, power factor, even the peak start 


current of motors 


When such a detailed analysis is not being made, a 
detachable indicating instrument may be plugged into the 
same socket. This instrument permits continuous observation 
by the operator and by the foreman) of the condition of the 


juipment connected to the circuit 


3) If it is desired to obtain a graphic analysis of the oper 


+ 


ition of a machine or other ipparatus on this same circuit, 


rae may plug in i det ichable recorder which, if used for i 
representative period of operation, provides data of benefit in 
determining apparatus loading for production analysis, ete. 


+) It may be desired to plug in a total hour meter, to reg 
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ister the total time-——over any given period such as a d 


a 4A *—- 


I 4 
eek——during which apparatus was actually being used : 
5) If it is desired to determine energy consw 
tthour meter Thay be plugged in with little more ¢ 
plugging In a ne radio tube 
Aside from the foregoing individual transfer 
i 
bilities, designs are being developed whereby ext) ‘ 


temporary instruments may be inserted in the ci) 
between the socket and some other instrument mor 
manently used. For instance, it may not be convenier 
remove from service, for an hour or a day, an amm 
which is being observed frequently by an operator 
check the condition of his load. By the addition ot 
insert type of socket, the ammeter need be removed 
only a brief period to insert the extra instrumen 
Deserving special mention is the new approach { 

the problem of instrument maintenance, provided by 
new detachable idea. When making periodic accura 
checks it is not necessary to “set up a standardizatio 
laboratory” at each instrument undergoing test. Instead 
the instrument is removed, another quickly plugged 
to take its place, while the first is taken to the depart 


ment where testing and servicing facilities are availab| 
\ LOOK AHEAD 


It is not intended in this article to sell the idea 


that 


using instruments in electrical circuits, as it is felt t] 
Instruments readers already know the advantages ther: 
by gained. It is only desired to bring out the new con 
ception of meeting instrumentation problems in tern 
of greater flexibility and greater economy and utility 
understood by the instrument man. For Instrument 
readers, here are a few details in regard to the present 
and future expansion of this new detachable idea. 


(1) The types of instruments and sockets initially develope 
have been described in the “flash news” item which appeare¢ 
in the June issue of Jnustruments (page 152). Additional 
Ings, etc., are already available, but this is not the pl ice to 
them. It is not amiss, however, to mention that all sockets m 
incorporate an automatic circuit-closing feature when curret! 
transformers are used. Also, if it is desired to install socke 
for future use, circuit-closing blades mary be inserted to pri 
vide continuity of circuit, while a cover and sealing ri 
prevent tampering or hazard from exposed live parts. 


2) While for the immediate present, only indicating insti 
ments are developed with the detachabie features, there wi 
soon be made available additional units which will form. the 
complete program for detachable electrical instrumentatior 
First will be the test jack, available with various combina 
tions of switch blade terminals. By the use of this test jack 
portable instruments or the more complicated recorders, suc! 
is polyphase wattmeters, may be quickly plugged into ai 
available socket. Where it is desired to leave the portable or 
the recorder on the circuit for any considerable time, a stand 
ird sealing ring may be used to seal the jack into the socket 
thus making the installation tamper-proof as well as free fron 
personal hazard 

(3) There is also being developed the insert type of socket 
by means of which a recorder or other analyzing instrumet! 
may Se inserted in the circuit between the regular socket an 
in indicating or other instrument for more permanent ust 
The insert socket may be adapted to temporary or even per 
manent installation of current-, voltage- or power-operates 
instruments. As with the test jack, by means of a standar 
sealing ring, the insert socket may be sealed in the socket. 

(4) To permit the permanent or semi-permanent install 
tion of recording ammeters or voltmeters, knife-blade plug-il 
features will be added to these instruments. Even the Tota 
Hour Meter will be available for mounting in the standar¢ 





socket. 








Top left. Conduit-mounted detachable 
ammeter on motor-driven pulverizer. 


Top right. Load on automatic tapping 
machine is indicated by this detachable. 


Lower left. Detachable instrument has 
been pulled out and adapter for indus- 
trial analyzer plugged in to make a test. 








Lower right. Same machine. Cover of the 
“permanent” detachable indicator has been 
removed, exposing its operating parts. 


Bottom right. (1) The fundamental units; 
(2) various forms of sockets and troughs 
for detachable a-c. and d-c. ammeters. 
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Early Scratch Hardness Methods 


H 


My res S ‘ F 


By S. R. WILLIAMS 


T 


ITTLENESS VS, PLASTICITY 


» method for meas iring irdness has been 
pplied to all kinds of solids. The results which have 
en obtained on brittle materials have not been con 
tent witl hose obtained on plastic materials. The 
ison for this lies in the fact that the scratches obtained 
n i two categories of materi ils are produced by dif 
nt processes 


[he Indians were able by pressing wood or bone tools 
rainst a much harder material, like flint, to shape their 
irrow heads into the desired forms. Their procedure was 

break off the pieces ol flint by applying pressure to a 
shoulder of the flint and shearing it off. When a diamond, 
ye any other hard point, scratches a brittle mate rial and 

Orasion occurs, Mmue h thre Salt proce ss goes on as In the 

tking of arrow heads by the Indians—the scratch 
yoint is always up against a shoulder and continuously 
shearing off small particles of the body scratched. 

On the other hand, if the solid is plastic, the particles 

irface scratched flow out from and around the 
scratching point. No abrasion occurs, that is, no particle S 
general it may 


ire separa d from the b nly scratched. In g 

said that the material which scratches the other is the 
he two. The hardness of several kinds of 
rainst one an other, does not follow 


his kind of a test. Sometimes the softer one will seratch 


the harder one The explanation of this is undoubtedly 
to be found in the fact that glass is a brittle material and 
when prope rly formed, a pomnt of sott glass plays the 
piece of bone in the hand of an Indian when 
ms the arrow heads from a piece of flint which 

5 irder 
| bits of gravel adhering to the soles of the shoes 


ind the steel nails in the heels of the shoes which have 


oved over the floor of the Union Station at Washing 
D. C.. consist of many points working on a some 

“ rittle substar ind causing abrasion. If a single 
ised in tl scratch method and the substance 

1 is brittle. t scratch 1 hod will, in general, 

‘ ! t the scrate methed is used on 

iterials it will fit more nearly into the classifi 

KNOW! s t penetration method. Fundame ntally 

“NV t i brittle or plastic materia) 

v ly t t ere is a permanent defor 

\\ stor ng ag lrew attention to the dis 


1 scratching, a relation which 


sight of by many later 

\\ ston shows t a diamond point tears the 

yg s natural edge, which is the 
surfaces and thus a curved 

y lies in the plane face 

1 parallel to the direction of 

| rved surfaces must also be 

nelined to the plane 

iN tt f this sort. Wollaston was 
quartz cut glass for a 


\ fissure of onlv 0.005 
t fracture. In writ 
ency of a cutting 


Professor of Physics, Amherst College 


diamond, Babbage” says, “An experienced workn 
whose judgment I can rely, informed me that 
seen a diamond ground with diamond powder on 
iron mill for three hours without its being at al 
but that, changing its direction with referenc: 
grinding surface, the same edge was ground down 
cently Hoyt’ made the suggestion that “scratching 
plies that the material is deformed beyond its 
limit; in brittle materials by an amount sufficient 
duce cleavage and in ductile materials, sufficient t 
duce plastic flow.” 

One point of view is from that of the cutter and 
other is from that of the surface scratched. If the s« 
method is to be improved, more regard must be mad 
these two phases than has been paid to them in th 
modern devices for measuring scratch hardness. In 
use of the scratch method, a warning should be sow 
about the difference between body hardness and part 
hardness. If the material from which a scratching » 
is formed is not perfectly homogeneous, there may 
particles or portions harder than the main body. | 
quite conceivable that in the case of a cone-sha 


scratcher there might be an exceptionally hard part 


at the tip of the cone. This hard particle would serat 


certain substances and other cones of presumably 
same material would not. Discordant results among 
servers would the retore arise. The i arliest rete rence 
far found regarding the scientific measure of hard 
and its variation with direction on the surface of crvst 
is given by Huygens.”. He suggested that the op 
properties of Iceland spar could be explained by con 
ering a crystal as being made up of flat’ sphero 
molecules. At the surface of the crystals these flat sp! 
oids were arranged like the seales of a fish. If one n 
a sharp edge with the scales, it slips over them, b 
against the seales it catches under the edge of the s 
and the slipping is not easy. He observes this same eft 
in applying the scratch method to the natural surt 
of Iceland spar. The seratch method, therefore, 
means of demonstrating the way in which the Crys 


built. He finds that in one direction the scratching po 


moves easily but in the opposite direction it does not 

Musschenbroeck” thought he was measuring hardn 
when he counted the number of blows nece ssary to di 
a chisel through a given thickness of the material to 
tested, and divided this number by the specific gray 
of the material. In this fashion Musschenbroeck m¢ 
ured the hardness of a large number of woods and of 


common metals. His metals were arranged in ascend 


order of hardness as follows: lead. tin. copper, Dut 


silver, gold, brass and Swedish iron. 
Bergman’ calls attention to the fact that gems 


~ 


usually tested by hardness factors and rates them 
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diamond, ruby, sapphire, topaz, genuine hya 


‘5S. 


ind emerald. 
rner” developed the first real scale of hardness, 
has been extended by Haiiy.” Haiiy is not clear 
what he means by hardness. In comparison with 
nan’s work, it is of interest to note that Haiiy lists 
vell-known metals as follows: lead, tin, gold, silver, 
r, platinum and iron or steel. Haiiy’s scale of hard 
is limited to four groups: (1) those which scratch 
2) those which scratch glass, (3) those which 
tch calespar and (4) those which do not scratch 
par. This investigator used the term “mutual 
tchibility,” but the idea was certainly present in the 
< of Réaumur,'” who used as an indication of hard 
the motion of a substance along a bar whose hard 
increased from one end to the other: the point 
re the material began to scratch the bar of graduated 
dness would be a measure of the hardness of the sub 
nee tested. An indentation method is also ascribed to 
s same investigator, Réaumur, who wrote brilliantly 
werning ants,’’ gave to the world a thermometric 
tem, and who may be called the Father of hardness 

isurements. 
MOIS METHOD 

While the seratch method has been used in studying 
tals and minerals, it is to Mohs’~ that we are indebted 
the development of a method still in use among 
neralogists. Although 112 years have passed, Mohs 
tated the problem of hardness testing so clearly that 
veral pages are quoted from his text on mineralogy. 
Not only is there discernment of the problem but also 
letailed information is given for the use of the method. 
‘Hardness in general may be defined to be the re 


sistance of solid minerals to the displacement of their 


articles. The magnitude of this resistance is their De 
ee of Hardness.” 

Che metallurgists think in terms of metals; here is a 
nineralogist thinking of hardness in terms of minerals. 
he physicist must insist on thinking of hardness in 
general terms, 7.e., in terms of all solids. Continuing. 
Mohs says, 

‘Hardness is a very useful property in the Natural 
History of the Mineral Kingdom, particularly so in its 
leterminative part. 

‘Nothing is attended with greater difthculties, than 
he establishment of an accurate seale for the degree of 
hardness. It is necessary therefore to endeavor, even 
without an accurate scale of that kind, to become capabli 
of ascertaining and indicating these differences, at least 
with a degree of accuracy and certainty sufficient for the 
wants of the Natural History of the Mineral Kingdom. 

“The existence of differences in the degrees of hard 
ness among the minerals is very easily discovered, by the 
simple experiment of scratching one of them by the 
other. A sharp corner of rhombohedral Quartz will pro 
duce a deep cut in the mass of rhombohedral Lime 
haloide; whilst a sharp corner of the latter species does 


not injure the surface of the former. Hence we infer, 


that rhombohedral Quartz possesses a higher degree of 
hardness than rhombohedral Lime-haloide; and in gen 
eral, that of two minerals, the harder one scratches the 


SA. G. Werner. A Treatise on the External Characters of Foss 
nslated from the German of A. G. Werner by Thomas Weav 








n Rees. Hurst and Orme, 1805, pages 192-198. 
Traité de Minéralogie. Chez Louis, Paris, 1801. Vol 
268; Vol. 3, page 348. 
Réaumur L’art € 
le fer To lt s 
le fer f ¢ 7 
part, witl ur le 
" a <, pag 
F . Réaumur. The Ir 
notated by W. M. Wheeler rk, 
2F. Mohs. Grundriss der Tr 
W. Haidinger Tol. 1, pages 3 3 


other, but cannot inversely be scratched by it. Som 
cautions, howeve Fr, are hecess iry in drawing veneer | 
ferences from these observations. 

“Tf we proceed upon this principle, we may obtain a 
Scale for the degrees of hardness, answering in every 
respect the purposes ot Mine ralogy. This is effected by 
choosing a certain number of suitable minerals, of which 
every preceding one is scratched by that which follows 
it, while the latter does not scratch the former; taking 
care always that the intervals between every two mem 


bers of the scale be not so disproportionate, as cither to 


render its employment more difficult, or to hinder it al 
together. 

“The following scale possesses these properties: [ See 
Fig. 41] 











Fig. 41. A series of crystals for use in Mohs’ scale of hardness 
‘ 


1 Talc 2 Gypsum 3 Calcite 4 Fluorite 5 Apatite 
i 


6 Orthoclase 7 Quartz 8 Topaz 9 Corundum 10 Diamond 


et Fe Prismatic Tale mica, thre COMMON il 
eralogists, of a whitish or greenish colour 

“2. Prismatoidal Gypsum haloide, a variety }) 
fectly cleavable. of an inferior degree ot 
and not crystallized; crystals and perf v transpare: 
varieties being rather too soft. This degree of har 
1S exactly that of Hexahedral Rock-salt. which minera 
therefore may bye very ust ful. either in being immed 
ate ly employed in the determination of hardness. or 
least in finding out such varieties of the above-mentioned 
species, as exactly POssess thre required degree of hard 
ness, 

‘3. Rhombohedral Lime-haloide. Any cleavable va 
riety. The minerals called Brown-spar (macrotypous 


Lime-haloide ), cannot be employed in its place, the hard 
ness of these being considerably higher. 

‘4. Octahedral Fluor-haloide. Any cleavable variety 

“5. Rhombohedral Fluor-haloide. The variety from 
Salzberg called Asparagus-stone, possessing a conchoidal 
fracture. The Apatite from Saxony or Bohemia, will 
seldom be found to answer the purpose, though of ex 
actly the same degree of hardness. 

“6. Prismatic Feld-spar. A perfectly cleavable variety 
of Adularia. 

‘7. Rhombohedral Quartz. Limpid and transparent 

“8. Prismatic Topaz. Any simple variety. 

“9. Rhombohedral Corundum. The easily cleavable 
variety from Bengal, called Corundum-stone. 

“10. Octahedral Diamond. 

“The minerals, which represent the units of this scal 
have been chosen among those species, which may be 
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ired witli the necessary qualifications, 


ny Len ips only rhombohedral] | luor haloide. Yet 


it heen impossible to find out another which might 
I mioits place 
— = r mbers f tl] alk nee 
n iis between the members of the scale are 
where of the same magnitude. Octahedral Dia 
1 1s idently much harder, if compared with rhom 


fral Corundum, than octahedral Fluor-haloide, if 
}) | With rhombohedral | 11hit haloide. This, how 
of no consequence In the case above mentioned: 


‘ 


ists no mineral of a hardness intermediate 


tw n the degrees re prese nted by the two first of these 
species. But the interval between rhombohedral Fluor 
ide and prismatic Feld-spar is likewise greater than 
should be. In this case it would be very desirable to 
inother mineral which might allow of being em 
ploved instead of rhombohedral Fluor-haloide. But in 


il it is very difficult to ascertain the perfect eq ial 
ity of thr intervals between the different degrees ol 
irdness, and on that account also it is very difficult to 
obtained. Yet all these imperfections are by no means 
prey idicial to the useful employmne nt of the seale. 
1 fie degrees rf hardness ire expressed by means ot 
those numbers which in the above enumeration are pre 
fixed to them. Thus the hardness of rhombohedral Lim« 
haloide is 3. that of rhombohedral Corundum 9, 
Phe intervals between each two subsequent members 
tv be divided into ten equal parts; and these tenths 
determined by estimate. It will very seldom be required 
t lue the hardness to more or less than 0.5; but it 
will always be possible to proceed so far as we find it 
a COSSAPS 0) inswer our purpose. 


Phe state of liquidity may be considered as the zero 


If, in employing the scale, we endeavor to find th 
degree of hardness of a given mineral, by trying which 
ember of the series is seratched by it, and which of 
lem Injures 4 
lat the specimens employed should possess certain 
prope es, In many cases difheult to be found. ‘Lhe 
should all have faces perfectly smooth and even, and 
Nid angles or corners of the same form, and be equally 
As to the faces, those produced by cle avage seem the 
eligible, if they possess a pretty high degree of 
ction. Faces of crystallization are commonly uneven 
r streaked; cut and polished faces, however, in many 


nstances show a less degree of hardness than the min 


V possesses 
It is still more difheult to obtain the corners with the 

. q v wh is required, Kven in a deter 
se ire sometimes liable to be so much 

t] ! 1 by structure. that they give very unc rtain 
ts s spect. the solid angles of the tetrahe 

1 s I t vtahedron of octahedral Fluor 

wg litferent phenomena. The corners of 

s. in which the individuals become im 

lisappear, su is Caleedony, Flint, and 


nly found very powerful, much more 


d corners of simple varieties. But 


s stil bservable, the particles very 
xperiment of serateching another 
rner of a compound mineral cannot 


} 


that of the Simple mine ral. The 


t ives is subject to similar difficulties. 
‘\ ! SEX] ments of determining the degree of 
Iness. br « mere seratching of one substance with 

the other, have completely established that this process 
tlor s not sufhcient., if we intend to make a more sure 


ind extensive application of the characters that may be 
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the surface of the given one, it will appear 





taken from hardness, than that which has hithe 
common in Mineralogy. 

“But if we take several specimens of one and t 
mineral and pass them over a fine file, we shall fi 
an equal force will everywhere produce an equa 
provided that the parts of the mineral in conta 
the file be of a similar size, so that the one d 
present to the file a very sharp corner, while th 
is applied to it by a broad face. It is necessary al 
the force applied in this experiment, be always t} 
possible. 

Every person, however little accustomed, will 
ence a very marked difference, if comparative ly 


4 


in this way any two subsequent members of thy 


scale, and thus the difference in their hardness 
easily perceived. A short practice is sufficient for 1 
ing these perceptions more delicate and perfect so 

in a short time it is possible to determine differen 

the hardness very much less than those betwee 
subsequent members of the scale. 

‘Upon the St obse rvations is founded the appli 
of the seale, the general principle of which consis 
this, that the degree of hardness of the given min 
compared with the degrees of hardness of the men 
of the scale, not immediately, by their mutual serat 
but mediately, through the File, and determined 
cordingly. 

“The process of this determination is as follows: | 
we try, with a corner of the given mineral, to scrat« 
members of the seale, beginning from above, in 
that we may not waste unnecessarily the Specimens 
resenting lower members. After having thus arrived 
the first, which is distinctly scratched by the given 
eral, we have recourse to the fils ° and compare up 
the hardness of this degree, that of the next higher 
gree, and of the given mineral. Care must be taker 
employ specimens of each of them nearly agreeing 
form and size, and also as much as possible in the qua 
of the ir angle S. From the resistance these bodic Ss Opp 
to the file, and from the noise occasioned by their pass 
over it, we argue with perfect security upon their mut 
relations in respect to hardness. The experiment. is 
peated with all the alterations thought necessary, till \ 
may consider ourselves arrived at a fair estimate, wh 
is at least expressed by the number of that degree w 
which it has been found to agree nearest, the deci 
hye ing likewise adade d, if require d. 

“The files answering best for the purpose are fine 


very hard ones. Their absolute hardness is of no con 


quence; hence every file will be applicable, whose ha 
ness is In the necessary relation with that of the miner 
lor it is not the hardness of the file with which we 

to compare that of the minerals, but the hardness of 
other mineral, by the medium of the file. From t 
observation it appears, that the application os the 

widely differs from the methods of determining 

hardness of minerals which have hitherto been in ust 

scratching glass, striking fire with steel, cutting wit! 

knife, scratching with the nail, ete. 

“Beside an appropriate form, there is another m 
sary property of the minerals to be determined, consis 
ing in their state of purity. Neither the degree of ha 
ness, nor that of specific gravity, can be correctly asce1 
tained if we employ impure substances. For the sa 
reason it would be wrong to make use of minerals wh 
have undergone a total or even partial decomposition 
and in general every circumstance which might influence 
the hardness, must be duly attended to, if we intend | 
arrive at a useful and correct result. 


Continued on Page 190 














’ Method of Measuring the Non-viscous 
Coefficient of Friction of Lubricants 


By S. KYROPOULOS 


Research Fellow, California Institute of Technology, 
formerly Dozent in the University in Goettingen 


TEREST in the refinement of methods and meas 
ements in the oil industry has led to the develop 
ent of several methods for measuring the coefficient 
itic and dynamic friction of lubricating layers. 
attempts have not been entirely successful since 
s not been possible to eliminate definitely various 
ts such as viscous friction, dust particles, and sur 
irregularities of the testing mechanism. 
ie most common types of such measuring devices are 
Hy described in the book by Woog’. The principle 
st frequently used is realized in the apparatus of 
ley’ and Herschel’. This consists of a horizontal 
polished disk which is lubricated with the material 





aaa NaF 3 
\ - 





Fig. 1. Apparatus to determine the coefficient of friction of thin 
lubricating layers. W—Steel axle; K—Steel sphere; H—Heating 
element. 


to be tested and upon which is a tripod supported by 
three steel balls. The tripod carries a perpendicular stem 
which is fastened to the support by spiral springs 
Herschel). When the disk is rotated, the tripod is car 
ried along. One ot the spiral springs is wound up and 
the other is unwound. A pointer indicates the point at 
Which slipping starts, and from the spring constants 
ind the pressure, the coefticient of friction is determined. 
Che bulletin put out by the makers of the instrument 
ints to the fact that the measurements sometimes be 
ome unreliable because of irregularities on the disk. 
The most accurate measurements were obtained by 
neans of a simpler device based on the same principle, a 
pherical slider on a plane plate, by W. B. Hardy and 


is co-workers on well-defined pure substances’. The 


P. Woog. Contributior étude du gratssage Delagrave, Paris 
» pages 21 et seq 

lr. E. Stanton. Frictior lemat ndon, 1923 

W. H. Herschel. Proceedings <A.! ; 1. 2 , 1928, page 687 


‘W. B. Hardy and 1 
Series A, Vol. 10¢ 





and E. I. SHOBERT 
Engineering Department, 
Stackpole Carbon Company 


accuracy of these measurements is demonstrated Ly tive 
simple relationships found between the coeflicient of 
friction and the chemical constitution of the substances 
investigated. These investigations established exper 
mentally the basis of the connection between boundary 
lubrication and molecular orientation on surfaces. 
Irregularities found in the measurements mentioned 


| 


above call attention to the fact that. in prin iple, it 1s 
impossible to discover stray viscous effects, surtace it 
re gularity effects and dust effects at first sight. 

As a result of frequent discussions of questions con 
cerning the material and operation of the gyroscop 
COINPAass and the Schuler pen lulum. one of the authors 
considered the construction of an apparatus for measur 


ing coethcients of non-viscous friction, operating either 





100 Fig. 2. Typical amplitude-vibration curves. 
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on the gyroscope or on the pendulum principle For the 
sake of simplicity of both method and design, a pendulum 
was built first, the operation of which simulates the mo 
tion of the piston rings in engines It was considered al 
that time (January 1934), in accordance with the gen 
eral view, that piston rings were operating under condi 
tions of boundary lubrication for a considerable part of 
their path. 

Fig. 1 represents the friction pendulum. The suspen 
sion consists of a ground and finely polished journal 
which is free to oscillate on four fixed steel balls. The 
support of the suspension is provided with an electric 
heater. The pendulum oscillates above a scale with ar 
leasing device at one end. The ends of the journal are 
provided with points opposite idjustable stops on the 
pendulum support, which permit accurate lateral ad 
justme nt by means of a feeler gage 

The technical and experimental procedures for making 
measurements on lubricating materials with the pen 
dulum are explained in another article’. However, con 


(Continued on Page 190 ) 


INSTRUMENTS 


July 1937 Page 185 








Errors in Cathode-ray Oscillograpl y 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. 


technician who is satisfied 


standpoint Ot thre ecl 
with e indications given by ordinary electrical indi 
itors. without regard for their inherent inaccuracies and 
for operational errors, a cathode ray oscillograph is 


g sufficient accuracy since the more glar 
be avoided by the adherence to a few 
wrating principles. The greatest drawback to precision 
i detinite calibration. Of course, some 


ipable ot givin 


Ing errors can 


work is the lack of 


if the discrepancies can be corrected for during the 


inalyvsis, as by the use of calibration curves to account 


for any non-linearity between the deflection and the de 


fection potential. Such curves. however, do not com 








> 


yr non-parallel deflection plates where the de 


flection constant tor the second pair of plates may 
lepend to a certain degree upon the extent of the deflec 


ion by the first pair ol plates), or for pairs ol pl ites 
which are not mutually perpendicular. In modern tubes 
wither of these conditions is found often—except in 


s that have been damaged. 
In comparing any pictures obtained in the course of 
xperiment with standard di igrams, many Variations 
\ ar expected which cannot be conside red errors or 
stortion. A common change, for example, is that de 


t 


ndent upon the relative deflection amplitudes, as illus 


rated in Figs. 1 and 2 which show two families of curves, 


one of which might appear when the frequency 


t t other pair. 
CLASSIFICATION OF ERRORS 


The major errors which may be encountered may be 


ped under their principal sources, as follows: 


1) Internal effects within the cathode-ray tube. 
External effects associated with auxiliary equip 


ment 
}) Reeording and reading errors. 
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ed on one pair of plates is two times or three times 


eR. Fae 


INTERNAL SOURCES OF ERROR 


In the first group a number of causes hay 
been reviewed: such as a non-linear deflection 
teristic (page 215, Aug. 1935), screen curvatur 
338, Dec. 1935), ionization etfects (the thresho] 
outlined page 216, Aug. 1935), and the effects 
desired fields. In addition there may be cons 
confusion introduced whenever the spot is larg 
unsymmetrically focused, causing errors in esti y 
the spot center under varying transverse velocitic 
higher the speed of the spot along the trace, the | 
width. After checking the focusing adjustment it 
to determine whether the size of the apparent s 
due to poor focusing or whether it is really due to a 
spot moving around, as would occur in the presen 
varving magnetic field (page 303, Nov. 1935 

EXTERNAL SOURCES OF ERROR 


Varying magnetic fields may be due to perma 
magnetized pieces of steel nearby, to transformers 
the deflection plates becoming magnetized. (In the 
case the error is “internal.’’) Such fields may 
move the spot away from the center of the secre: 
may affect the focus in other ways. Transformer ft 


will either add a “tail” to the spot or cause it to m 
i small circle. The diagram in this case is traced 
wavy line. If, upon swinging a horseshoe magnet m 


he spot moves around as a waved line, it can be ass 


it foreign fields are present. Otherwise, if the 


ot 


well focused and comes to rest near the center 
screen when the deflection plates are all shorted 
inode, it can be assumed that stray fields are 

(he application of an alternating potential to either 
of plates should produce a straight line when the 
nate pair is shorted. If the center of the line opens 
is an ellipse, a distorting field from some appa 
perating on alternating current is present. 

Insufficient filtering of the anode power supply 
cause some portions of the diagram to be blurred. ‘1 
condition is rather rare, because of the extreme 
plicity of the filter requirements. When rectifier t 
of the gas-filled type are used anywhere in the cir 
interference oscillations are sometimes generated in 
rectifier circuit which may react into the deflection 
cuits. Also, in many types of commercial cathod 
tubes (such as the RCA types), the cathode is groun 
to one side of the heater circuit. If the wrong cath 
connection is made on the heater terminals of the mo 
ing socket, an alternating component is introduced in 
bias circuit which will cause the diagram to appeat 
alternate bands of dim and bright images. 

Other effects, classifiable under the second group 
distortion causes, are associated with the time-bas« 
cillator equipment. In most of the commercial osci 
graphs now available a wide range of operating 
quencies are provided. The linearity of the result 
potential variations with time may not be found at 
possible adjustments within this frequency range, | 
ever, Since there usually is an overlap between freque! 
ranges it often is possible to find a combination of cha 


ing condenser-charging rate values which will give 


desired frequency with minimum distortion (Fig. 2 


Feb. 1936). 














it 
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} shows diagrams where the snap-back interval 
sufficiently rapid. These effects are common with 
her time base frequencies. The wave-form given 
time base circuit is manifestly not linear either, 
such diagrams are of doubtful value in quantita 
rk. It may be pointed out that the apparent hori 
ixis where the snap-back appears should be dis- 


led. The true axis of these diagrams can always 














Fig. 4 


be found by removing or short-circuiting the potential 
tha produced the vertical deflection. The return sweep 
may actually occur either above or below this true axis, 
ind its position is meaningless in most measurements. 
lrue undistorted oscillograms equivalent to those in Fig. 
3 are shown in Fig. 4. 

When the timing wave oscillator is interlocked to the 
wave under investigation, surges from the former may 
kick back into the test circuit, producing transients 
superposed on the measured wave. This calls for a 
careful manipulation of the interlock control (synchroni 
zation) after readjusting the frequency controls to give 
1 frequency more nearly equal to the required value, 
ind then using a much lower synchronizing potential. 

he presence of such intertering effects can be tested 
by removing the wave under investigation from the de 
fection amplifiers and other intermediate circuits which 

iv be used, and noting whether the remaining deflec 
tion is a horizontal line only, with no visible vertical 
xcursions. Better tests are made when the time bass 
frequency is set at some value other than the frequency 
{ the power line. If such inter-circuit interference is 
still noticed, using as low a value of interlock control as 
possible, it may be necessary to reduce the resistance of 

discharge tube grid circuit so that the induced grid 
urrents have less effect. In some cases it may be desir 
ble to use a separate amplifier for synchronizing po 
ntials one that is independent of the deflection 
mplifier. 

If the diagram appears trapezoidal in shape when an 
nalysis would indicate that a rectangular shape should 

obtained, the cause in many cases may be due to the 
se of too strong an interlock potential, which makes the 
me base be triggered off at unequal time intervals. As 
tated in the preceding paragraph the remedy is to re 

ve the interlock potentials entirely and to readjust 

e frequency of the time base to the approximate value, 
nd then to reapply a weaker value of the interlock 

‘tential for synchronizing purposes. 


A check for the linearity of the time base is to noti 
whether the trace intersects the horizontal axis at equal 
intervals, when a frequency considerably higher than the 
time base frequency is applied to the vertical deflection 
plates. 

Oscillograplhs of comune rcial makes are otten pro 
vided with self-contained amplifiers, which tend to mak 
up tor the relatively low deflection sensitivity of the 
cathode-ray tube. A gain of 10 to 100 times is usually 
provided with these amplifiers. In the circuits associated 
with these amplifiers a condenser is usually provided as 
the coupling medium, so that the frequency range is 
thereby limited. Amplitude distortion ina ilso Lye pres 
ent since the plate potential swing of one or two hundred 
volts necessary to give the required deflection amplitude 
may exceed the normal characteristics of the tube used 
It is a good idea to use such amplifiers only when neces 
sary and then only after an individual calibration. 

Other obscure distortional effects have manifest them 
selves at times. As for example m oscillographs where 
a common transtormer supplic s the operating potent! ils 
for the cathode-ray tube, the timing-wave oscillator and 
one or more deflection amplifiers. Here regulation dit 
ficulties may be found since the additional drain taken 
by certain of these loads at Treque nt intervals m iN ilter 
the deflection semsitivity of the cathode ray tube, or thre 
amplification of the amplifiers. 

the somewhat variable current drain due to the time 
base oscillator will in some cases affect the other cir 
cuits to cause false indications. This effect would b 
more noticeable if it were not for the fact that such 
surges occur at the extreme edges of the oscillogram 
and the amplifiers usually have a chance to recover b 
fore a great deal of the next transversal takes place. In 
some circuits the time base oscillator is operating at all 
times that the oscillograph IS In USt whether it is used 
to supply the horizontal deflection or not—due to the 
fact that its tubes operate from the sami power supply 
as the rest of the circuit. In this case false deflections 
may be apparent each time the discharge tubs operate 

Another source of distortion is due to the effects in 


troduced into associated circuits by the charges collected 


I 


by the deflection plates themselves. The se effects have 
! 
i 


been reviewed in the Aug. 1935 instalment. 


ERRORS OF READING 
\s to the personal errors in reading the diagrams on 


thre oscillograph, those due to incorrectly establishing th 


location of the true axes, and to marking inaccurate dis 


tances along the screen, are the most important. Thess 


] 


have been discussed in previous sections Possibly the 


greatest of all inaccuracies are due to the inevitable 
shifting of the diagram when some tvpes of measure 


ments are being made. due to changes in the circuit 
under test, or to shifts in the time base frequency. Whil 
these shifts are troublesome in some cases, vet in othet 
tests they provide a visible average or weighted answer 
which may be of greater value than a 
which, by the laws of probability, might be close to th 


ht be close to the maximum error. 


T'o be continued 


average or mig 
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MAY PROBLEM (No. 7) 
DETERMINING PUMP EFFICIENCY 


From a large phosphate company: “We 
desire meters integrating (in ft.-lb.-hrs.) 
the discharge of sand pumps in mining 
pits. Max. vacuum on suction side is un- 
der 28”; max. head on discharge side is 
under 200 ft. Percent of solids varies so 
much that load fluctuates from |! 4 load to 
heavy overload (quite unlike test-block 
where a pump handling clear water runs 
at constant load and speed). We easily 
meter the electrical energy consumption, 
but desire to meter simultaneously the 
work actually performed, in order to ob- 
tain significant data.” 


85 PRIZE SOLUTION 


By RICHARD P. BALLOU 
MILWAUKEE, WIS 


When it is not feasible to measure 
directly the output from any electrical 
combination, it may be determined by 
multiplying the measured electrical in 
put by the efficiency Where wide load 


fluctuations cause corresponding varia 


tions in etticieney, an average value must 
he useds This value is not. difficult t 
btair 

First, an overall efficiency curve of the 
vstem must be prepared, It sometimes 
is possible to compute this from known 


stants of the machines, but it gen 


voi necessary to determine it by 
test \ direct-re iding \ meter 1s the 
essenti instrument, ind the local elec 
company ill probably be willing to 
e of the proper capacity, nd 
‘ ( 1 >» connect it into the 
ne Ssl l t in thre adit 
Whe ‘ systen operating t 
‘ tal mad Hie ttmeter read 
4 dead d the output is col 
( eT! CCl ely meast red it 
fsa nute. The outnp 
A 
it 
+ 
¥ 
é s 8 3 ‘ 
is then weighed, counted, or otherwise 
evaluated, and with a few simple com 


putations the efficiency curve can be 


plotted from TE such ests 
Iwo illustrative efficiency curves are 
shown. However, it generally is) more 


convenient to plot efficiency against kilo 
itts directly 
Ihe usec ot the curve depends on the 
convenient fact that the efficiency 
kilowatts is almost identical with the 


iverage efficiency vs. kilowatt-hours per 


hour. Therefore, to determine the out 
put at the end of the day it is only 
necessary to know the number of. kilo 


watt-hours consumed, and the length of 


tinnve nvolved. If the machine 
run l peclhed number ot 
Lay ‘ tartine elec ( 
necler ol thie load 1cle { 
controll | how the nunibe 
l has l 

Suppose tL machine has ru 
during the dav and the watth 


shows 77 kwh. consumed. This 
erage of 13> kwh per hour. |] 
curve, find the efficiency corre 
to this consumption ind mult 
ro This is the useful output 
trical units, and can be cor 
Ni illons, bushels, pounds, or othe 
tical units, by multiplying by a 
easily found from the data used 
paring the efficiency curve 

This) method is subject to 
error, depending on the range 
ind the shape of the efficiency « 
competent electrical engineer « 
ilyze the curve and determine the 
mum error possible In the case 
curves shown, if the machine oy 
equal lengths of time at 20% | 
it 160% load, the error occasion: 
using the aver 


age \ ilue (90%), is 
Curve 4 less t 


wan 3% and with ( 


B, 12%. This is an extreme case. If 


load is more evenly distributed, the 
IS le@SsS 

If the efficiency curve is of the ox 
tvpe of Curve B, ind the error 
big, the error can be reduced by 
two watthour meters and = cloc!] 
obtaining two outputs independ 
ind adding them. In this case. th 
rent coils of the meters are cor 
in series, while the voltage is  s\ 
between them by a series relay I 
lav IS Ope rated by current corres} 
ing approximately to the load 
maximum efficiency, and even the 
itv of its calibration is not. in 


Ki ffectively, this divides Curve 


| 
' 4] 


wo curves ot ¢ vene! I 
Curve dA 

This method. of determining o1 
reneral one, in no wise restric 
umps. It may be much more conv 


than attempting to measure | 


charge directly 


SS PRIZE SOLUTION 
By EMIL J. SCHEIBER 
MARTINEZ, CALIF 


This solution requires two instrul 


with two pens, one pen ecording 
lute discharge pressure ind the 
recording absolute inlet pressur 
pump. For use in the following 


tions thev are assumed to meast 


pounds per square inch 
The second instrument t 


ing flowmeter used with Pitot ti 


either a weir or orifice plate give er! 


ous readings due to the = solids 


flow Readings to be in~ gallons 
minute 
From the readings obtained fro! 
ibove instruments 
g.p.m. X (P, 


Hydraulic hp 


which is the pump output. The elec 





~ a recording pressure gage equi 


to be a rec 











easured in kw. could be con 


to hp kw. /O.746 
| etiiciency 


1.35 10°* (g.p.m.) (P Pr.) 


, S kw 


motor characteristic curves the 


I 


ficiency may be obtained for ny 
electrical input 
overall efficiency 
efficiency : 
motor efficiency 
r these instruments in conjunction 
kilowattmeter have been installed, 
of curves could be 
kw. Input wy. 
particular unit 


worked out 
hydraulic output 
eliminating the 
ter and pressure gages, retaining 
he kilowattmeter and the curves 
out, to obtain the output for 
rticular motor and pump unit 


85 PRIZE SOLUTION 
By R. H. LONG 
OAKLAND, CALIF 


simplest ind cheapest method of 
power required to lift 


lid matter handled by the pump 


ring the 

be to install a total time meter 

\ ¢ ir to the Westinghouse Stvle 879999 
mnect it to one ph ise of the motor 

through the proper potential 

sformer so that it will record the 
number of hours the motor oper 

Next measure the wattage required 
pump handling water 
This figure in kw. multiplied by 

reading of the total time meter in 


perate the 


will represent the kwh. for han 
over that period of 
ind the difference between this 
reading of the 
represent the num 


yvater Onis 


re and the actual 


thour meter will 


f kw hat was used for handling 
I tter Kilowatt-hours is directly 
ertible into foot-pound-hours. This 
d, of course te ecurate under the 


set of head conditions onlv. 


satisfactory way if 


pumping conditions change often would 
be to install a three-element three-phase 
itthour meter connected according to 
the diagram herewith. With the pump 
handling water only, idjust the poten 
tiometer so that the single phase phan 


tom element balances the torque of the 

















a 
J-elezent Watthour Meter 
1 Venn with potential coils for 
a acroessephase operation 
i 4 (They are normally 
—WAVAA— furnished with coils for 
2 roe ©} etar connection 
spe eae e 
; 3 
PRIMARY 











100:5 Current Trane? 








Jonnect single--hasce phantom to oppose }-chaee 
ele.ents. 
adjust Fotentioueter 
"etands still" 
Vatthar mete 






three phase element CauUusINng the meter 
to st ind stil This meter will ther re 
cord only the kwh. consumption used in 
handling the solid matter through the 
pump. The efficiency of the pump and 
motor will vary so little with variations 
in the amount of solid matter handled 
that this will give a satisfactorily accu 
rate indication of the ictual power cor 
sumed in handling the solid matter. If 
the total lift in feet is measured, the 
ictual elgh of the solid om er cal 
he compl ted 





Problem No. 9 


(Inquiry dated June 23, 1937) 


’ normal temperature. 





Subject Index 2.08 


MEASURING FURNACE HUMIDITY 
From the Chief Engineer of a mining-milling-refining company: “We have 
a furnace in which the temperature ranges from 650° to 1600° and wish to 
measure the humidity in the furnace atmosphere. We wish at least to deter- 
mine the humidity from time to time by a sampling method, but it would 
be better if we could obtain a continuous indication and a chart record.” 


Editor’s comments: (1) Pressure no doubt is atmospheric or close thereto. 
(2) Solutions must take into account the probability that furnace atmos- 
phere includes—in variable proportions—constituents which may affect the 
readings of the measuring device as would water vapor. Therefore, solutions 
should include discussions of sources of error. In fact, “discussions” 


rather 


than “solutions” are what we expect readers to send in. But if any reader 
knows a real solution, let him by all means send it in! 
your solution or discussion whether the method you propose will give the 
vater vapor by weight or by volume—and also whether actual or reduced 


(3) Please state in 


Five dollars will be paid for every solution (or critical discussion clearly point- 
ng the way to a solution) which is accepted for publication. Address Instru- 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, on 
one side of paper. Draw diagram in black ink on separate sheet. Mail before 
August 15. Solutions and discussions accepted will appear in Sept. 1937 issue. 
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EARLY SCRATCH HARDNESS METHODS 


(oncluded trom page 1s y 


Min > that cleave with particular facility in only 
mm, verv often show a less degree of hardness 
perfect face f cleavage than in other diree 
Prismatic Disthene-spar sometimes is scratched by 

lral Fluor-haloide upon the eminent face of cleav- 
“ st an angle of the very same individual scratches 
not only rhombohedral Fluor-haloide. but even some- 


es prismatic Feld-spar. If we intend to determine a 


! f this dese ription by the help of the Charae 
stic, it will be the best plan to take a mean term 
tween the wo degrees measured, or rather to keep 
nearer to the higher one. It would be wrong to receive 
wm into a seale of hardness, like the preceding one, 


sil this would betray a want of acquaintance with the 
scale itself, and with its employment. 
Supposing all the precautions necessary in determin 
ng the degrees of hardness to have been taken, and the 
imstances well attended to, which might have exer 
ised some influence: we find that those individuals 
which belong to one and the same species, admirably 
gree with each other in respect to this property; and 
hat deviations from an exact coincidence, if they happen 
occur. do not take place per saltum, but that they are 
ined with each other by intermediate members. These 
nbers produce a series, in most cases between very 
narrow limits. This observation seems to be contradicted 


horitv of several mineralogical works. But 
re are indeed few subjects with regard to the prop 
ieS of minerals, which have been treated with more 
ndifference or even carelessness than their hardness and 
n this account little or no credit is due to what most of 
nineralogical works contain of its indications. 
Kirwan, De La Metherie and Romé De I'Isle have 
endeavoured to construct seales of hardness. A 
mnparative t ible of the hardness of different substances 
s contained in the works of Haiiy. A glance at them will 


suthee tor enabling us to form an idea of their applica 
ty 

Some writers describe the method developed by Mohs 

S ng really the work of Hatiy. Mohs’ own reference 

Haiiy may be taken as stating the situation. Also 

Hauvy had only four steps in his seale of hardness and 

‘ ted by calcite, glass and quartz. Mohs 


ised his steps to 10 and although later mineralo 
mserte j rmher ste ps Since his day, Mohs’ seale 
general been retained. In studying Mohs’ method, 


? 
ssed with the care he emploved in selecting 


i . i in the shrewd idea of having those 

‘ S1i1 btainabl Phe Tiine ralogist has his 

st idv prepared for him. He does not need to 
chine set up for the purpose. 

Mohs also d yped the use of the file for fractionating 


‘dness. The tile test is distinctly an abra 


1 and was evidently in use long before Mohs’ 

Thus tar there is little to be found on the 

sid “ning ise of the file for hardness 

sting. Among chanicians today the file is a common 
. oY i\ hardnesses Auerbach 

ts out that it is well that Mohs’ seale has remained 


Mohs developed it. because to reduce some of. the 


rger steps in the seale would have been productive ot 
i | 
rror ther than of increased accuracy. Whatever may 


ra 
said against Mohs’ seale of hardness, it has served a 
ost useful purpose for the mineralogist and will con 
tinue to do so until som thod more simple and effec 
tive is devised. Fig. 41 shows a modern collection of 


a 
} 
{> 


Mohs’ crystals irranged for hardness testin 
To be continued 
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A NEW LUBRICANT TEST METH 
Concluded from page 185 


sidering the three main objections to other me: 


measuring boundary friction, we may show whe) 
ire overcome with this method. 

Stray viscous effects are recognized immedi 
the shape of the amptitude-vibration number 
shown in Fig. 2. With pure non-viscous frict 
curve should be a straight line and when visco 
tion is present, the deviation is similar to that s] 
a It is known that the coefhicient of viscous 
decreases greatly with increase in temperature, a 
the coetiicient of non-viscous friction is indepen 
temperature over a wide range. By heating the 
and the steel spheres shown in Fig. 1 with the 
heater, it is possible to eliminate the viscous eff 
is present, or rather, to make this effect negligib| 
2 gives a set of curves characteristic of a group of 
urements made as the temperature is slowly in 
From the slope of the line (d) and the constants 
pendulum the coeflicient of friction is calculated’. 

The preset nee of surtace irregularities which 
change the value of the coefficient of friction is 
nated by a wearing-in of the operating surfaces. A 
the initial wear-in of the operating surface it has 
found that with any particular material the valu 
coefiicient of boundary friction does not change 
though, as the pendulum is used, the steel spheres 
show visible flat spots. In other words, it has been 
that throughout a great number of measurements 
after several months of continuous operation, the va 
for a particular material remain constant if the mat 
itself remains constant. Thus, by proper preparatio. 
use of the pendulum, the effects usually caused by 
face irregularities do not occur. 

Dust particles and foreign bodies may present 
ous problem with the usual methods. With this m 
however, the presence of dust and other foreign 
terials which are discontinuities in the material | 
measured is shown immediately by the shape ot 
curve obtained by plotting the amplitude agains 
vibration number. The presence of any discontinuity 
result in a discontinuity in this curve, and then thi 
urement must be re peate d more care fully to eliminat 
foreign material. 

The most important application of this new m 
should be in the oil industry where, because of its 
curacy and the ease with which it may be operated 
should be used for routine tests where present met 
ire not accurate enough. 

In addition to routine tests on commercial oils. 
pendulum has an important application in any work 
testing the effects of additions to motor oils intend 
Improve triction characteristics. Since most ot thes 
ditions depend for their effectiveness on the adsor} 
of these materials on surfaces, this method will giv: 
actual values of this boundary friction without inter 
ence of stray viscous effects which would mask res 

Another valuable application for this new me thod 
the physics and chemistry of adsorption. Since 
pendulum measures an effect which according to r 
theory depends only upon the adsorbed layers o1 
two surfaces, 7.e., the journal and the steel spheres, 
possible to learn much concerning the adsorptiot 
various materials on the surfaces which are built 
the pendulum. 

We wish to thank Professors Prandtl and Sch 
Gottingen, for the interest which they have show: 
this work. 
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Equipment for Universal Stage Methods 


THE LARGEST MODEL of the Leitz 
UNIVERSAL STAGES has as many as 
five axes of rotation (horizontal and 
vertical), so accurately aligned in re- 
spect to each other that the orientation 
of the plane of the specimen and the 
determinations of the crystallographic 
and optical constants is possible with 
a PRECISION of 0.1 

UNIVERSAL STAGES with two, four 
and five axes of rotation respectively 
are available. Also Guiding Sledges for 
the systematic displacement of thin sec- 
tions under the hemisphere and an ad- 
justing device aligning the specimen 
with the horizontal axis of rotation. 

We offer FOUR SPECIAL OBJEC- 
TIVES with N.A. as high as 0.33 and 


initial magnifications up to 30X, with 
long working distance, designed for 
observations of specimen covered by 
hemispheres 

For teaching purposes we supply in- 
dicatrix models of uni-axial and _bi- 
axial anisotropic crystals, as well as 
stereographic and surface-true nets; also 
monochromatic light sources, including 
a new, extremely light-powerful MONO- 
CHROMATOR. 

Catalogue V-B gives full particulars. 
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